All three studies found that patients had good wrist function following surgery. However, little is known about patientbased, long-term outcomes.
While functional assessment of Kienböck disease or wrist function can be achieved with use of the scoring systems described by Cooney et al. 4 , Nakamura et al. 5 , and Lichtman et al. 6 , in recent years the use of patient-based outcomes has increased. The Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire was devised by the American Academy of Orthopaedic Surgeons as a measure of upper extremity disability 7 . Subsequently, the English version of the DASH was translated into Japanese by the Japanese Society for Surgery of the Hand (JSSH) and is referred to as the DASH-JSSH 8 . The purpose of Disclosure: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.
this study was to investigate the long-term clinical and radiographic outcomes of this radial shortening osteotomy, including the patients' subjective evaluation with use of the DASH-JSSH. B   etween 1977 and 1994, nineteen patients with Kienböck  disease (stage II, IIIA, and IIIB according to the staging  system of Lichtman and Degnan   9 ) underwent a radial shortening osteotomy at our hospital. Prior to 1981, patients were treated with 4 to 5 mm of radial shortening, and, beginning in 1981, they were treated with 2 to 3 mm of radial shortening.
Materials and Methods
A letter containing the DASH-JSSH questionnaire as well as questions relating to patient satisfaction with the operation and questions about current wrist pain was sent to the nineteen patients. The DASH-JSSH questionnaire consists of thirty items, including twenty-one regarding the ability to perform specified activities and nine regarding symptoms. It is scored on a 5-point scale, with 1 indicating no difficulty; 2, mild difficulty; 3, moderate difficulty; 4, severe difficulty; and 5, unable. Other than the DASH, the questions relating to patient satisfaction with the treatment addressed pain, range of motion, and strength. Each item was answered on the basis of three grades: improved, unchanged, and worse. Current wrist pain was assessed, according to evaluation criteria developed at the Mayo Clinic 4 , with use of four grades: no pain, occasional mild pain that occurred when the wrist was exposed to cold or increased workload, tolerable moderate pain that occurred anytime at rest or at work, and severe to intolerable pain. The questionnaires were returned by thirteen (ten men and three women) of the nineteen patients; five patients had moved and could not be located, and one did not reply.
Of the thirteen respondents, ten had involvement of the right hand. Twelve patients were right-handed, and one was left-handed. The dominant hand was affected in nine patients. The mean age at the time of surgery was thirty-nine years (range, twenty-three to sixty years). On the basis of preoperative radiographs, which appeared to have been made with the wrist in neutral alignment, six patients had stage-II, four had stage-IIIA, and three had stage-IIIB disease, according to the staging system of Lichtman and Degnan
9
, and ulnar variance was positive in six patients, neutral in four, and negative in three. The mean amount of radial shortening achieved in these patients was 3 mm (range, 2 to 5 mm). In three of the six patients with positive ulnar variance, an ulnar shortening osteotomy (mean, 3.7 mm; 3, 4, and 4 mm) was performed in addition to the radial shortening (2, 3, and 3 mm). There were no major complications, such as nonunion. The mean duration of follow-up was twenty-one years (range, fourteen to twentyeight years). The mean patient age at the time of final follow-up was sixty-one years (range, forty-one to eighty-two years).
Twelve of the thirteen patients were examined for range of motion and grip strength, and the modified Mayo wrist score was used to evaluate clinical outcomes 10 . A final rating of 80 to 100 points was considered an excellent result; 65 to 80 points, a good result; 50 to 65 points, a moderate result; and <50 points, a poor result. Radiographic measurements, including the radioscaphoid angle, the scapholunate angle, the radiolunate angle, the carpal height ratio, and the Stahl index (a ratio of the greatest length of the lunate in its central portion over the greatest width of the lunate, which was used to evaluate lunate compression 11 ), were assessed both preoperatively and at the time of the final follow-up. In addition, the Lichtman stage, the ulnar variance, and the presence or absence of degenerative changes at the distal radioulnar and radiocarpal joints were assessed at the final follow-up examination. *I = improved, and U = unchanged.
Statistical Analysis
The clinical and radiographic results before and after surgery were compared, and the differences were analyzed with use of the Wilcoxon signed-rank test. The Spearman rank correlation coefficient was used to compare the DASH scores and the modified Mayo wrist scores with respect to the Lichtman stage both preoperatively and at the final examination. Differences were defined as significant if the p value was <0.05.
Results

I
mprovement was reported by twelve of the thirteen patients with respect to pain. Ten of the thirteen patients noted improvement with respect to range of motion, and eleven noted improvement with respect to strength (Table I) . With respect to current wrist pain, seven of the thirteen patients had no pain and six had mild pain (''rarely'' in two patients and ''often'' in four patients). Ten of the thirteen patients had returned to their former occupation. None of the patients reported worsening of pain or diminished range of motion or grip strength. On physical examination, seven of twelve patients had wrist pain when an axial force was applied to the extended wrist. Five of twelve patients had tenderness on the dorsum of the wrist. When a compression force was applied to the ulnar side of the wrist, ulnar wrist pain was noted in three patients, although two of the three had not previously complained of ulnar-sided wrist pain.
The preoperative amount of wrist flexion and extension ranged from 20°to 68°(mean, 40°) and 30°to 62°(mean, 46°), respectively, although measurements were not obtained from one patient (Case 6). At the time of the final follow-up, 
the mean wrist extension was 58°(range, 30°to 80°) and the mean wrist flexion was 54°(range, 25°to 80°), although these measurements were not made for one patient (Case 5) ( Table  II) . Comparison of the preoperative and postoperative values in eleven patients showed that there were significant postoperative improvements in both wrist extension (p = 0.032) and flexion (p = 0.038). At the time of the final examination, the affected side had a mean radial deviation of 88%, mean ulnar deviation of 72%, mean pronation of 85%, and mean supination of 96%, compared with the contralateral side. In addition, the mean flexion and extension were 81% and 82%, respectively, of those on the contralateral side. The mean preoperative grip strength was 18 kg (range, 3 to 27 kg), which was 53% of that of the contralateral side, although the data were not obtained from three patients. At the time of the final examination, the mean grip strength was 28 kg (range, 16 to 42 kg), which was 88% of that of the contralateral side, although the data were not obtained from one patient (Case 5). The improvement in grip strength in nine patients and the difference between the mean grip strength at the preoperative and final examinations were found to be significant (p = 0.024) (Table II) .
Radiographic measurements, including the radioscaphoid angle, scapholunate angle, radiolunate angle, carpal height ratio, and Stahl index, are shown in Table III . We observed a significant difference in the radiolunate angle and significant deterioration in the carpal height ratio and Stahl index between the preoperative and the final examinations (p < 0.05 for all). At the final examination, the severity of the disease, according to the system of Lichtman and Degnan, was stage II in two patients, stage IIIA in five patients, and stage IIIB in five patients, with progression being noted in six of the twelve patients (Fig. 1) . Ulnar variance was positive in ten patients, neutral in two, and negative in none. The mean ulnar variance Case 9. A sixty-seven-year-old man who had the operation when he was forty-five years old. At the time of the final follow-up, he had no wrist pain, the DASH score was 0, and the modified Mayo wrist score was 95 points. The Lichtman stage had progressed from IIIA to IIIB. There were degenerative changes in the distal radioulnar joint.
was 11.3 mm (range, 21 to 6 mm) on the preoperative examination and 13.1 mm (range, 0 to 8 mm) on the final examination. In the three patients with ulnar-sided wrist pain, the mean ulnar variance was 20.7 mm (21, 21, and 0 mm) preoperatively and 11.3 mm (0, 2, and 2 mm) on the final examination (Table IV) . Degenerative changes in the distal radioulnar joint were observed in one wrist preoperatively, and these changes had progressed at the time of the final follow-up. In addition, degenerative changes of the distal radioulnar joint were noted in two other patients at the time of the final followup. No wrist demonstrated generalized carpal degeneration at the final examination. The mean DASH score was 8 points (range, 0 to 23 points). The following four individual DASH items had the worst scores: ''I feel less capable, less confident or less useful because of my arm, shoulder or hand problem'' (mean, 1.9 points); open a tight or new jar (mean, 1.7 points); carry a heavy object (over 10 lbs [4.5 kg]) (mean, 1.6 points); and recreational activities in which some force or impact is applied through the arm, shoulder, or hand (mean, 1.6 points) 7 . The mean modified Mayo wrist score at the time of the final examination was 83 points (range, 63 to 100 points); function was excellent in six patients, good in five, and moderate in one (Table I) . Few significant differences could be detected because of the small number of subjects in this study. The modified Mayo wrist scores were significantly worse with Lichtman stage-IIIB lesions at both the preoperative and final examinations (p < 0.05) (1), neutral (0), and negative (2). *The values are given as the mean score, with the mean scores for those who had and those who did not have ulnar shortening given in parentheses as a ratio (yes:no). †DASH = Disabilities of the Arm, Shoulder and Hand questionnaire. ‡The difference was significant (Spearman rank correlation coefficient, p < 0.05).
( Table V) , and a relationship was observed between the DASH score and the modified Mayo wrist score, with a correlation coefficient of 0.693 (p = 0.012).
Discussion
T hree studies have suggested that the long-term results of radial osteotomy for Kienböck disease are good [1] [2] [3] . However, to our knowledge, there have been no published reports regarding the use of DASH scores to assess outcome after radial shortening osteotomy. The mean DASH score of 8 points found in this study at a mean of twenty-one years after radial shortening osteotomy was better than the DASH scores that have been reported for both scaphotrapeziotrapezoidal arthrodesis (28 points) and proximal row carpectomy (22 points) 12, 13 . Improvements in grip strength and range of motion were worse after both scaphotrapeziotrapezoidal fusion and proximal row carpectomy than have been reported in the literature following osteotomy and in this study [12] [13] [14] . Keith et al. reported a mean DASH score of 19 points in patients with nonoperatively treated Kienböck disease, and they reported that all patients with more than ten years of symptoms who were managed nonoperatively had Lichtman stage-IIIB or IV lesions 15 . In contrast, none of our patients progressed to Lichtman stage-IV disease.
Saito et al. recently reported DASH scores in 310 women who performed nonmanual work 16 . The mean DASH score was 2 points (range, 0 to 33 points) among twenty to thirty-nineyear-old subjects, 3 points among forty to forty-nine-year-old subjects, and 7 points among fifty to fifty-nine-year-old subjects. While there are no age or sex-matched normative data, the DASH scores in our series were slightly worse than those of women of a similar age who performed nonmanual work.
We performed radial shortening of 4 to 5 mm in four patients. One of the four patients had positive ulnar variance preoperatively, and the remaining three had neutral or negative ulnar variance. Although those patients did not undergo a concomitant ulnar osteotomy, they had no ulnar-sided wrist pain at the final examination. With the small numbers studied, the DASH and modified Mayo scores in those four patients were not found to be different from those with radial shortening of 2 to 3 mm. Nakamura et al. reported that radial shortening of >4 mm resulted in postoperative ulnar-sided wrist pain and an unsatisfactory outcome 5 . Therefore, they suggested that optimal radial shortening was from 2 to 3 mm, with 3 mm appearing to be the critical limit in patients with positive ulnar variance, and we have followed this principle since 1981.
In this study, three patients had ulnar-sided wrist pain at the final examination; however, the preoperative ulnar variance was not positive and a radial shortening osteotomy of no more than 3 mm was performed in the three patients. The mean DASH score in the three patients was 12 points, and the mean modified Mayo wrist score was 72 points. In the three patients, there were no degenerative changes at the distal radioulnar joint and the ulnar-sided wrist pain was suspected to be caused by ulnocarpal abutment. We speculate that high activity levels or demands may be associated with these relatively poor results because the three patients were in their twenties at the time of the radial osteotomy. Further studies are required to understand the prevention of ulnar-sided wrist pain in this disorder.
In three of the six patients with a positive ulnar variance, a 3 to 4-mm ulnar shortening osteotomy was performed in addition to a 2 to 3-mm radial shortening osteotomy. The DASH and modified Mayo wrist scores in these patients were not found to be different from those of patients without ulnar shortening or from those of the patients with preoperative positive ulnar variance without ulnar shortening. While the numbers were small, our data are consistent with the suggestion that a 2 to 3-mm radial shortening osteotomy alone can provide satisfactory results, even for patients with positive ulnar variance 5 . Radiographic assessments showed a significant deterioration in the carpal height ratio and Stahl index, indicating progression of carpal collapse during the average follow-up period of twenty-one years. Furthermore, progression of the Lichtman stage was noted in half of the patients. The DASH scores tended to be worse in patients with Lichtman stage-IIIB lesions, and the modified Mayo wrist scores were significantly worse in the more severe Lichtman stages. These facts suggest that a shortening osteotomy might have limited benefit for the advanced Lichtman stages. However, the fact that none of the patients had progression to Lichtman stage IV suggests that the radial shortening osteotomy may protect against progression of degenerative changes in the radiocarpal joint for up to twenty years.
This investigation has several limitations. First, it is a retrospective study. Second, nearly one-third of the patients were lost to follow-up. Third, the number of patients analyzed is small and statistical power is limited. Fourth, the nature of the surgical procedure varied, and, finally, several patients underwent concomitant ulnar shortening when they had a positive ulnar variance. Even with these shortcomings, we believe that these results support the concept that radial shortening osteotomy can provide reliable, long-term results, especially for Lichtman stage-II and stage-IIIA Kienböck disease, and it may be a reasonable option for patients with stage-IIIB disease, although the long-term benefits are limited. n 
